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"Improvement in the production of mono- and multi-Layer 
thermoplastic films," 

* it * -k * -k 

FIELD OF THE INVENTION 
5 The present invention relates to an improvement in a process 

and ian apparatus for the production of flat thermoplastic 
films, and to the new thermoformabLe films thus obtainable. 

More particularly, the present invention relates to an 
improvement in the production of flat mono- and multi-layer 
10 thermoplastic films for packaging, comprising extruding a mono- 
or multi-layer flat thermoplastic film and cooling a surface of 
said film in its molten state by contact with a chill roll, 
characterized in that the surface of said molten film opposite 
to said chill roll is concurrently quenched by means of a 
15 liquid knife device capable of spouting a continuous and 

substantially uniform liquid knife, at a predetermined rate and 
temperature, on said surface opposite the chill roll so that a 
continuous liquid layer is formed over substantially the entire 
width of said surface. 
20 BACKGROUND OF THE INVENTION 

It is well known in the art that the slow cooling of some 
thermoplastic films affects their optical properties; 
particularly, haze and gloss. 

Many processes and apparatuses have been proposed so far in 
25 order to improve the cooling rate of extruded molten films. 

CH-A-378 528 teaches to improve the contact of a molten film 
with a movable chill surface by means of a jet of gas (air 
knife) that impinges on substantially the entire width of the 
molten film in the attempt of ensuring the complete contact of 
30 the film with the chill surface. This old technique, however. 
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does not provide a significant improvement in the cooling rate. 

UK-719 093 discloses a process wherein an extruded molten 
film passes downwards in its molten state into a pool of 
cooling liquid maintained in the nip formed between two 
5 contra-rotating rolls. However, the depth of the pool of liquid 
formed in the nip is limited by the radius of the rolls. In 
addition, it is almost impossible to efficiently replace the 
liquid in the nip with a freshly cooled Liquid. 

In the same document mention is made to the possible 

10 spraying of the cooling liquid on the rolls or on the molten 
film before the film reaches the nip and it is admitted that 
care must be taken to avoid marking the film by sudden contact 
of the molten film with droplets of liquid (lines 57 to 60). 
However, the document does not teach or suggest how to avoid 

15 said marking. 

EP-A-0 065 415 aims to improve the cooling rate in order to 
increase the production capacity- The increase in the 
production capacity is achieved by providing a shell thickness 
of the casting wheel such that the maximum permanent Local 

20 shell deformation of said wheel at the point where the molten 
polymer first contacts the wheel surface does not exceed 0-002 
inches (0.051 mm) in the radial direction. Optionally, this 
device is provided with a plurality of nozzles capable of 
driving a gaseous or a liquid coolant against the outer surface 

25 of a polymer web. As shown in the drawings, the liquid coolant 
is sprayed onto the outer surface of a polymer web- As above, 
the small droplets of liquid coolant may undesirably mark the 
web surface- 

US-A-4 676 851 discloses a process and an apparatus for 
30 differentially cooling interlocking closure films useful for 
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making recLosable containers wherein one or more strings of 
closure elements are extruded upon said film web near to one of 
said film's edges- While the film is cooled by a jet of air 
(air knife), the closure elements undergo a partial cooling by 
5 means of a liquid coolant sprayed through primary cooling 

nozzles. Downstream from primary cooling nozzles is placed a 
conventional air knife for impinging gaseous coolant on 
integral closure webb. Downstream from the air knife device the 
closure elements are further cooled by passing through a 

10 secondary cooling nozzle assembly located at each closure 
element position. 

EP-A-0 482 518 discloses a process for producing a 
polypropylene film; this process comprises extruding a 
polypropylene film and introducing said film in its molten 

15 state into a slit through which cooling water is flowing. The 
film is then sent to a lower water bath where it is passed 
between two nip rolls and formed into a sheet or a film. 
However, the gloss of the so produced film is not satisfactory 
and it is improved by pressing the sheet or film on both sides 

20 thereof while heating by means of a metal belt. The pressing 
pressure is of at least 5 Kg/cm^ and preferably from 10 to 30 
Kg/cm^. The heating temperature is of from 155 to 160°C. If the 
pressure is lower than 5 Kg/cm^ and/or the temperature is lower 
than 155°C a sheet excellent in transparency and surface gloss 

25 cannot be obtained Cpag. 4, lines 5 and 6, and lines 9 and 10). 
WO-A-89 03294 discloses a method to maintain the 
longitudinal orientation of the molecules in a cold shrinkable 
product. The cooling step is performed by means of a chill roll 
and optional water jets. As shown in the drawings, the liquid 

30 coolant is sprayed onto the outer surface of a polymer web and 
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the small droplets of Liquid coolant mark the web surface when 
they are sprayed onto those portions where the temperature of 
polymer web is still high. 

JP-A-62 214 921 discloses a process for preparing a 
5 transparent crystalline polyolefin resin sheet or film, wherein 
a molten crystalline polyolefin resin is extruded through a T 
die and cooled and solidified by a chill roll, comprising the 
steps of urging by an air knife the sheet extruded from the T 
die into close contact with the chill roll, then pressing with 

10 a touch roll the side of the sheet that is not in contact with 
the chill roll, and further cooling with a coolant the side of 
the sheet that is not in contact with the chill roll such that 
a frost line is formed on the sheet. The comparative 
experiments in the application demonstrate that haze is 

15 unsatisfactory when air knife and/or touch roll and/or coolant 
are not used. 

OBJECTS OF THE INVENTION 
A first object of the present invention is to improve in an 
easy way the cooling rate in a process comprising extruding a 
20 mono- or multi-layer flat thermoplastic film and cooling a 
surface of said film in its molten state by contacting said 
surface with a chill roll. 

A second object of the present invention is to provide an 
apparatus suitable to perform the above mentioned process. 
25 A third object of the present invention is to improve the 

optical properties of mono- and multi-layer films obtained via 
flat extrusion or coextrusion technique. 

A fourth object is to obtain thermof ormable structures 
endowed with enhanced optical properties upon thermof orming. 
30 These and other objects have been achieved by the process 
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and the apparatus described hereinbelow. 

DEFINITIONS 

Unless otherwise stated, in this description and in the 
claims, the following terms have the meanings set forth 
5 hereinbelow- 

The term "film" means a flat and flexible material having a 
thickness of at least about 5 microns, tipically of from about 
20 to about 350 microns. As used herein the term "film" is 
intended to mean also those flat and flexible articles 
10 otherwise known as "laminates" 

The terms "skin layer" and "outer layer" mean a layer of a 
multilayer film which comprises a surface thereof- 

The wording "highly crystalline material" means a polymer or 
a polymer blend comprising HOPE, LDPE, ethylene alpha-olefin 
15 copolymers, polypropylene (PP) or polypropylene copolymers, and 
the like. Generally, they have a crystallini ty degree of about 
25% or more as conventionally measured by X-rays. 

The term "tie" means any inner layer of a multilayer 
structure whose aim is to improve adhesion between two layers, 
20 typically tie Layers comprise modified polymers. 

When referred to a polymer, the term "modified" means a 
polymer characterized by the presence of functional groups such 
as anhydride and carboxy groups. Typical examples of "modified" 
polymers are: graft copolymers of maleic acid or anhydride onto 
25 ethylene-vinyl acetate copolymers, polyethylene and ethylene/ 
alpha-olefin copolymers, graft copolymers of fused ring 
carboxylic anhydrides onto polyethylene, resin mixtures of 
these and mixtures with polyethylene or ethylene-alpha-olef in 
copolymers. 

30 The term "EVOH" means an ethylene vinyl alcohol copolymer. 
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"EVOH" includes saponified or hydrolyzed ethylene vinyl acetate 
copolymers, such as a vinyl alcohol copolymer having an 
ethylene comonomer, and prepared by^ for example, hydrolysis of 
vinyl acetate copolymers. The degree of hydrolysis is 
5 preferably of at least about 50% or more, most preferably at 
least about 85%. 

The term "ethylene-vinyl acetate copolymer" (EVA) means a 
copolymer formed from ethylene and vinyl acetate monomers 
wherein the ethylene derived units in the copolymer are present 

10 in major amounts and the vinyl acetate derived units in the 
copolymer are present in minor amounts. 

The term "ionomers" means a copolymer of ethylene with a 
copolymerizable ethylenically unsaturated acidic monomer, 
usually an ethylenically unsaturated carboxylic acid which may 

15 be di- or more basic but is generally mono-basic, for example 
acrylic or methacrylic acid. The term "ionomer" generally 
covers such polymers in their free acid form as well as their 
ionized form. Preferably however it is in the ionized form, the 
neutralizing cation being any suitable metal ion for example an 

20 alkali metal ion, zinc, or other multivalent metal ions. 

The term "polyamide** means a high molecular weight polymer 
having amide linkages, and as used herein it refers more 
specifically to synthetic polyamides, either aliphatic or 
aromatic, either in crystalline or amorphous form. It is 

25 intended to refer to both polyamides and co-polyamides. 

Examplary of such polyamides are those polymers commonly 
referred to as e.g. nylon 6, nylon 66, nylon 6-66, nylon 610, 
nylon 12, nylon 69, and nylon 6-12. 

The term "HDPE" means a substantially linear homopoLymer of 

30 ethylene having a density of from about 0-940 to about 0.960 
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g/cm • 

The term "LDPE" means a highly branched homopoLymer of 
ethylene. Low Density Poly Ethylene (LDPE) usually has a 
density in the range of from about 0.910 to about 0.940 g/cm^. 
5 The term "ethy Lene/aLpha-olef in copolymer" means a copolymer 

of ethylene with one or more comonomers selected from to 
about alpha-olef ins. These include: heterogeneous materials 
such linear low density polyethylene (LLDPE), very low density 
polyethylene (VLOPE), ultra low density polyethylene (ULOPE); 

10 and homogeneous copolymers such as metallocene catalyzed 
polymers such as EXACT (TM) materials supplied by Mitsui 
Petrochemical Corporation. These materials generally include 
copolymers of ethylene with one or more comonomers selected 
from C, to C^^ alpha-olef ins such as butene-1 (i.e. 1-butene), 

15 hexene-1, octene-1, etc. in which the molecules of the 

copolymers comprise long chains with relatively few side chain 
branches or cross-linked structures. This molecular structure 
is to be contrasted with conventional low or medium density 
polyethylenes which are more highly branched than their 

20 respective counterparts. LLDPE as used herein has a density in 
the range of from about 0.91 g/cc to about 0.94 g/cc. Other 
ethylene/alpha-olef ins copolymers, such as the long chain 
branched homogeneous ethylene/alpha-olef in copolymers available 
from the Dow Chemical Company, known as AFFINITY (TM) or ENGAGE 

25 (TM) resins, are also included as another type of ethylene/ 
alpha-olefin copolymer useful in the present invention. 

The term "polypropylene" (PP) means a thermoplastic resin 
obtained by homopolymeri sat ion of propylene. 

The term "propylene copolymer" means a copolymer from 

30 propylene and ethylene and/or 1-butene wherein the propylene 
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units are present in larger amounts than the ethylene or butene 
units. 

Haze is measured according to ASTM D 1003 (method A) 

Gloss is measured according to ASTM D 2A57-90. 
5 SUMMARY OF THE INVENTION 

It has now been found that the abovementioned objects are 
achieved with a process comprising extruding a mono- or 
multi-layer flat thermoplastic film and cooling a surface of 
said film in its molten state by contact with a chill roll, 
10 wherein the surface of said molten film opposite to said chill 
roll is concurrently quenched by means of a liquid knife device 
capable of spouting a continuous and substantially uniform 
liquid knife, at a predetermined rate and temperature, on said 
surface opposite the chill roll so that a continuous liquid 
15 layer is formed over substantially the entire width of said 
surface. 

The preferred liquid is water. 

The process of the present invention involves a single 
cooling step. Therefore, it can be easily performed on an 

20 industrial scale. 

The optical properties, especially haze and gloss, of the 
thermoplastic film produced therewith are substantially 
improved in comparison with the film produced with the 
conventional flat cast prior art processes. 

25 Said improvement is particularly appreciable in the case of 

films having a thickness of at least about 50 microns and 
comprising as a film forming polymer a highly crystalline 
material such as PP, HOPE, LDPE, propylene copolymers and 
ethy lene/alpha-olef i n copolymers. 

50 It has also been found that by using the* process of the 
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present invention films having an overall thickness of at least 
about 50 |j made of, or comprising an outer surface thicker than 
about 15 p made of a highly crystalline material, can be 
obtained which show unexpected favorable optical properties 
5 upon thermoforming. 

Said films in fact show a remarkable improvement of the haze 
upon thermof orming- 

When compared to the corresponding thermoformed structures 
made via round die extrusion followed by water quenching under 

10 analogous conditions such an improvement in haze is even more 
impressive and unexpected- 
It is therefore a first object of the present invention to 
provide a process for the production of a flat mono- or 
multi-layer thermoplastic film for packaging, comprising 

15 extruding a mono- or multi-layer flat thermoplastic film and 
cooling a surface of said film in its molten state by contact 
with a chill roll, characterized in that the surface of said 
molten film opposite to said chill roll is concurrently 
quenched by means of a liquid knife device capable of spouting 

20 a continuous and substantially uniform liquid knife, at a 

predetermined rate and temperature, on said surface opposite 
the chill roll so that a continuous liquid layer is formed over 
substantially the entire width of said surface. 

A second object of the present invention is to provide an 

25 apparatus for the production of a flat mono- or multi-layer 

thermoplastic film for packaging, comprising a flat extrusion 
die and a chill roll provided with an internal cooling system, 
characterized in that a liquid knife device is associated with 
said chill roll for spouting a continuous and substantially 

30 uniform liquid knife at predetermined rate and temperature. 
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said Liquid knife device being provided with a slot which has 
an adjustable outflow cross section and is fed with a liquid at 
a predetermined temperature and flow rate. 

A third object of this invention is to provide a multilayer 
5 thermoformable film having an overall thickness of at Least 

about 50 p made of, or comprising an outer Layer thicker than 
about 15 p of highly crystalline material, characterized in 
that the haze value measured according to ASTM D-1003 (Method 
A) in the middle of the Lower web of a thermoformed cavity 180 
10 mm in lenght, 135 mm in width, and 50 mm in depth is lower than 
about 20% compared to the haze of the film before 
thermoforming. 

A fourth object of this invention is to provide a multilayer 
thermoformable film having an overall thickness of at least 

15 about 50 p made of, or comprising an outer layer thicker than 
about 15 p of highly crystalline material, characterized in 
that the haze value measured according to ASTM D-1003 (Method 
A) in the middle of the lower web of a thermoformed cavity 180 
mm in Lenght, 135 mm in width, and 50 mm in depth is lower than 

20 about 30% compared to the haze value measured in the same 
thermoformed cavity when the the same film is made by 
coextrusion through a round die followed by quenching with 
water. 

In the process of the present invention the polymer (s) or 
25 polymer blend(s) is (are) (co)extruded through a flat 
(co)extrusion die as known in the art. 

The obtained film in its molten state is contacted with a 
chill roll and the surface of the molten film opposite to the 
chill roll is concurrently quenched by contact with a uniform 
30 and continuous layer of cooling liquid spouted by a suitable 
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Liquid knife device. 

The chiLL roll is placed close to the die lips, typically at 
a distance of from about 0-5 to about 6 cm^ and preferably at a 
distance of from about 1 to about 3 cm, and is provided with a 
5 conventional internal cooling system capable of keeping its 

outer cylindrical surface at a temperature of from about 0° to 
about AO^C, preferably of from about 4^ to about 15^C, and most 
preferably of from about 6° to about 10°C. The dimensions of 
said chill roll can widely vary depending on the width of the 

10 desired film. Typical and more common dimensions are of from 
about 100 to about 300 cm in width and of from about 50 to 
about 100 cm in diameter. 

The chill roll is driven at a predetermined speed which is 
of from about 10 to about 300 m/min, typically of from about 15 

15 to about 120 m/min. 

The distance between the place where the film in its molten 
state contacts the chill roll and the die lips is generally of 
from about 1 to about 6 cm, preferably of from about 1.5 to 
about 4 cm, and even more preferably of from about 2 to about 3 

20 cm. 

The uniform and continuous layer of cooling liquid according 
to the present invention is obtained by allowing the cooling 
liquid to flow from the slot of the liquid knife device, at a 
rate of from about 0.2 to about 1.2 m/s, preferably of from 

25 about 0.3 to about 1.0 m/s, and even more preferably of from 

about 0.4 to about 1.0 m/s- While lower flow rates cannot allow 
the cooling liquid layer to be uniform and continuous, higher 
flow rates may generate undesired turbulences- 

The amount of cooling liquid outflowing from the liquid 

30 knife device per hour will depend on the selected rate, on the 
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slot width and on the size of the slot cross-section, which may 
suitably vary between about 1 mm and about 5 mm, and preferably 
between about 1.5 and about 4 mm. It can be suitably adjusted, 
depending on the thickness of the extruded film and the line 
5 speed, to a flow rate of from about 0.2 to about 1.5, 

preferably from about 0.3 to about 1.3, and most preferably 
from about 0.4 to about 1.0 l/min per cm of liquid knife width. 

The temperature of the cooling Liquid is generally of from 
about 3 to about 30°C, preferably of from about 4 to about 

10 15°C, and most preferably of from about 5 to about 10^C. 

A significant advantage of the present invention is that the 
temperature of the chill roll and the uniform liquid knife can 
be carefully adjusted at Low values independently of each other 
in view of the structure of the molten film. 

15 In the process of the present invention the liquid knife 

device is adjusted so that the uniform and continuous layer of 
cooling liquid first contacts the film at a very short distance 
from the die lips. In particular such a distance is preferably 
lower than about 14 cm, more preferably lower than about 12 cm, 

20 and even more preferably lower than about 11 cm. 

Because of the short distance between the die lips and the 
line where the continuous liquid layer first contacts the film, 
no prior blowing of air is needed or advantageous. 

Indeed, the cooling step of the present invention is so 

25 effective that no air impingement (air knife) or touch roll is 
required to improve the cooling rate. 

The width of the slot of the liquid knife device is adjusted 
to match with substantially the entire width of the film to be 
extruded as the optical properties will improve only in those 

30 parts of the film which will be in contact with the cooling 
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Liquid layer spouted from the Liquid knife device. 

Indeed/ in order to avoid water droplets on the revolving 
chill roll which can cause spots on the film when it first 
contacts the chill roll while in the molten state, it is 
5 preferable that the width of the Liquid Layer contacting the 
film is sLigthly Less than the width of the film itself. The 
film edges which are not quenched by the liquid knife will then 
be trimmed off and optionally recycled. 

As mentioned above the liquid knife device according to the 
10 present invention has an adjustable outflow cross section and 
is fed with a liquid at a predetermined temperature and flow 
rate- 
Preferably said sLot is connected through feeding hoLes to 
an evening chamber, in turn connected through distribution 
15 holes to at least an equalization chamber fed with the cooling 
Liquid by a pump. 

The angle of incidence of the Liquid knife with respect to 
the film may vary from about 20° to about 80°. 

According to a preferred embodiment of the invention, said 
20 Liquid knife device is operatively connected to adjustment 

means for adjusting height, distance and angle of incidence of 
said liquid knife with respect to the fiLm in order to optimize 
quenching of the film depending on factors such as line (film) 
speed, film thickness, nature of film and of layer materials, 
25 and the like. 

The process of the present invention can be applied to the 
manufacture of any type of mono- and multilayer structure. 
Prefered structures are however those comprising a highly 
crystalline material as the improvement in optical properties 
30 with respect to the same structures when obtained by 
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conventional flat cast coextrusion processes will be more 
important. 

Preferably^ the Layer comprising a highly crystalline 

material is a skin layer and the extrusion is carried out in 
5 such a way that said skin layer is in direct contact with the 

liquid knife- Preferably said skin layer comprises HDPE and 

even more preferably polypropylene. 

Multilayer structures which can be advantageously 

manufactured according to the process of the present invention 
10 are for instance those described in EP-A-243,510, EP-A-343,877 

and US-A-A,735,855- 

Specific examples are: 

LDPE/Tie/EVOH/Tie/HDPE, 

lonomer/LDPE/Tie/EVOH/Tie/LDPE/HDPE, 
15 lonomer/EVA/Ionomer/Tie/EVOH/Tie/Ionomer/HDPE, 

PP/Tie/PA/EVOH/PA/Tie/LLDPE, 

PP/Tie/PA/EVOH/PA/Tie/Ionomer, 

PP/Tie/PA/Tie/PA/Tie/LLDPE, 

PP/Tie/PA/Tie/PA/Tie/Ionomer, 
20 PA/Tie/PA/EVOH/PA/Tie/LLDPE, and 

PA/Tie/PA/EVOH/PA/Tie/Ionoraer, 

Typical examples of preferred structure are 

PP/Tie/PA/Tie/PA/Tie/LLDPE with a nominal thickness of about 

150 and a PP layer thickness of about 29 y; 
25 PP/Tie/PA/Tie/PA/Tie/LLDPE with a nominal thickness of about 

205 fj, and a PP layer thickness of about 41 p; 

PP/Tie/PA/EVOH/PA/Tie/LLDPE with a nominal thickness of about 

125 |j/ and a PP layer thickness of about 25 fj; 

PP/Tie/PA/EVOH/PA/Tie/LLDPE with a nominal thickness of about 
30 180 u^ and a PP layer thickness of about 36 |j; 
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PP/Tie/PA/EVOH/PA/Tie/Ionomer with a nominal thickness of about 
90 p, and a PP Layer thickness of about 17 y; 

PP/Tie/PA/EVOH/PA/Tie/Ionomer with a nominal thickness of about 
205 and a PP Layer thickness of about 41 p; 
5 pp/Tie/EVOH/PA/Tie/LLOPE with a nominal thickness of about 180 
and a PP layer thickness of about 36 p; 
PP/Tie/PA/Tie/LLDPE with nominal thickness of about 150, 205 
and 255 p, and PP Layer thickness of about 29, 41 and 51 p. 
In particular when the process according to the present 
10 invention is used for the manufacture of a film having an 
overall thickness of at least about 50 pm, made of or 
comprising an outer layer thicker than about 15 p of a highly 
crystalline polymer, the product thus obtained shows an 
improvement of the haze upon thermof orming which has not been 
15 attained before via the conventional flat cast coextrusion 

processes and not even via the round die coextrusion process 
followed by water quenching. 

In fact, it has been found that when a cavity of 180 mm in 
lenght, 135 mm in width and 50 mm in depth is formed in such a 
20 film by conventional thermoforming and haze is measured 

according to ASTM D-1003 (Method A) in the middle of the bottom 
web, an improvement of at least about 20% is obtained with 
respect to the haze of the film before thermoforming while with 
the same structure obtained by the conventional round die 
25 extrusion followed by water quenching under very similar 
conditions such an improvement has not been achieved. 

Furthermore it has also been found that by comparing the 
haze of the two thermof ormable structures an improvement in the 
haze of more than about 30% is shown by the film obtained via 
30 the process of the present invention compared to that obtained 



wo 95/26867 



PCT/EP95/01121 



- 16 - 



via round die extrusion. 

Preferably, the overall thickness of said multilayer 
thermoformable film is of at least about 100 even more 
preferably is of at Least about 150 |j. 
5 Preferably the thickness of the outer layer made of a highly 

crystalline material is of at least about 20 even more 
preferably is of at Least about 25 p. 

Apart from an outer layer, a highly crystalline polymer may 
be present in the second outer Layer and/or in one or more 
10 inner layers as well. 

BRIEF DESCRIPTION OF DRAWINGS 
Fig. 1 is a schematic right side view of a liquid knife device 

according to the invention; 
Fig. 2 is a partial enlarged view of the apparatus of Fig. 1; 
15 Fig. 3 is a partial top view of the apparatus of Fig. 2; 

Fig. A is a partially sectioned enlarged view of a liquid 

knife device of the apparatus of Fig. 3; 
Fig. 5 is a front view of the liquid knife device of Fig. 4; 
Fig. 6 is an enlarged view taken along the plane VI-VI of Fig. 
20 5; 

Fig. 7 is a diagram laid out by finite element simulation 

which shows the variations of temperature versus time 
for different values of ratios of predetermined 
coordinate thicknesses to total thickness of a 
25 thermoplastic film produced with the apparatus of Fig. 

1. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figs- 1 and 2 show an apparatus according to this invention. 
The apparatus comprises a flat extrusion, or co-extrusion, 
30 die 1 capable of forming a mono- or multi-layer thermoplastic 
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molten film 2 at a temperature of from about 170° to about 
280°C, tipically from about 180° to about 2A0°C. An example of 
a suitable die is disclosed by US~A-5 020 984. 

An edge keeper 5 aims to keep down the edge of the film. 
5 At a distance of from about 1 to about 6 cm below the 

extrusion die 1 there is a chill roll 6 provided with a 
conventional internal water cooling system (not shown) capable 
of keeping its outer cilyndrical surface 7 at a temperature of 
from about 0° to about 40°C, tipically at from about 6° to 

10 about 10°C. 

The chill roll 6 is driven at a predetermined speed of from 
about 10 m/min to about 300 m/min, typically of from about 15 
to about 120 m/rain, by means of a shaft 8 and a gearmotor (not 
shown) housed in a box 38 which is fixed to a base 9. 

15 The internal surface 4 of the molten film 2 exiting the 

extrusion die 1 contacts the outer cilyndrical surface 7 of the 
chill roll 6. 

At a distance of from about 8 to about 12 cm below the 

extrusion die 1, a liquid knife device 10 is associated with 
20 the chill roll 6 for quenching the external surface 3 while the 

outer cilyndrical surface 7 of chill roll 6 concurrently cools 

the internal surface 4 of the molten film 2, 

The quenching liquid flows along a descendant portion of the 

external surface 3 of the film 2 and drops into a tank 31. 
25 When leaves the chill roll 6, the cooled film 2 winds onto 

rollers 13, then it is dried on both sides by means of air 

driers 14 and it is conveyed to a conventional winding system 

(not shown) . 

Air driers 15 dry the surface 7 of the chill roll 6 in order 
30 to remove some fews droplets of liquid remaining on said 
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surface 1, thus avoiding marking the film by sudden contact of 
the molten film 2 with said droplets- 

The Liquid knife device 10 comprises a body 18 provided with 
a slot 19 which spouts a continuous and substantially uniform 
5 liquid knife 20 on the external surface 3 of the molten film 2- 
Figs. 3, 4 and 5 show only the left half of the apparatus of 
the invention and of the body 18, the right half being 
symmetrical with respect to a transversal center line 17. 
The quenching liquid is supplied to the slot 19 by means of 

10 feeding holes 22, an evening chamber 23, distribution holes 24, 
plenum chambers 25 and inlet ports 26 connected to a 
centrifugal pump 27. The latter feeds the quenching liquid 
through a flexible delivery duct 28 provided with liquid flow 
control valve 29 and a flowmeter 30, in order to control the 

15 liquid flow rate- 

The plenum chambers 25 act as equalization chambers and the 
size of the holes 24 is predetermined in order to reach an 
overpressure of from about 0.5 to about 0.75 bar gauge in 
plenum chambers 25- 

20 The slot 19 is positioned between two plates 32 fixed at a 

predetermined distance by means of interposed "C" sealing 
gasket 33, rubber blocks 35 and stud bolts 34, The slot 19 has 
a frontal outflow cross-section 21 which can be adjusted by 
changing the thickness of the gasket 33 and the size (thickness 

25 and width) of the rubber blocks 35. Therefore, when the flow 
rate remains unchanged, the desired rate of the quenching 
liquid is obtained by changing the cross section 21. 
Preferably, the continuous and substantially uniform liquid 
knife 20 outflows from the cross section 21 at a rate of from 

30 about 0.2 to about 1.2, preferably of from about 0.3 to about 
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1, most preferably of from about Q.A to about 0.6 m/sec^ and at 
a temperature of from about 4° to about 10®C. 

As shown in Fig. 6, the slot 19 has a rectilinear 
transversal axis. 
5 The body 18 is operatively connected to incidence angle 

adjustment means 36 comprising two side hollow journals 37 
integral with the body 18, said journals 37 being rotatably 
mounted in sleeves 38, as shown in Fig. 3. Each sleeve 38 is 
provided with a slit 39 whose lips 40 are clamped by means of a 

10 bolt 41 and nuts 42. A side 43 of each sleeve 38 is welded to a 
plate 44 for a perimetric portion so that the lips 40 are 
elastically yielding. 

Each sleeve 38 is operatively connected to distance 
adjustment means 45 comprising a respective slider 46 fastened 

15 to one plate 44. The sliders 46 are driven to slide towards and 
away from the chill roll 6 by means of threaded rods 47 and 
respective worm screws and helical gears connected to a hand 
wheel 52. Each worm screw and helical gear is housed in a box 
50 and left and right helical gears are operatively connected 

20 by means of a hollow rod 51. The rods 47 are rotatably mounted 
in rests 48 and 49 which are fastened to height adjustment 
means 53 comprising lateral jaws 54. The rests 49 are 
releasably fixed to jaws 54 to allow movements of the body 18 
for purposes of maintainance of the slot 19. 

25 The jaws 54 are rotatably mounted in journals (not shown) 

which are coaxial with the shaft 10 of the chill roll 6. The 
jaws 54 are operatively connected to a gearmotor 56 by means of 
a belt transmion 55. 

By rotating the jaws 54 through the gearmotor 55, the height 

30 of liquid knife 20 is adjusted wih respect to a ground line 57, 
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as shown by means of arrows 58^ so that the heigth position of 
the point of first contact of the liquid knife 20 with the 
molten film 2 is changed as needed, while keeping constant the 
distance of the -cross section 21 from the molten film 
5 In Figs. 1 and 2 the upper position of the liquid knife 

device 10 is shown with hatched Lines- 

By loosening the nuts A2, the journals 37 of the body 18 are 
free to rotate in the sleeves 38^ so that the inclination angle 
of the liquid knife 20 with respect to a predetermined radius 

10 of the chill roll 6 and, therefore, the incidence angle of the 
liquid knife 20 with respect to the film 2 is hand adjusted. 
Said incidence angle, shown by arrows 59, ranges from about 20® 
to about BO*' and is preferably higher than about 30°. 

By rotating the hand wheel 52, the rod 47 rotates and makes 

15 the sliders 46 to move towards and away from the film 2 for 

adjusting the distance of the liquid knife 20 with respect to 
the film 2, as shown by arrows 60- Said distance ranges from 
about 10 to about 40 mm, and preferably from about 20 to about 
25 mm. 

20 Therefore, independent adjustments of the distance, angle of 

incidence and heigth of the liquid knife device 20 are allowed 
to optimize quenching of the film 2 depending on factors such 
as the film speed (which may be related to the chill roll speed 
as already described); film thickness; type of film and layer 

25 materials; and so forth. 

These parameters are mutually interdependent, and together 
or individually can be adjusted as is needed to substantially 
maintain the continuous liquid Layer and cooling rate needed 
for the application. 

30 As shown in the diagramm of Fig. 7, the estimated total time 
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of the quenching step is of about 0-6 sec. 

The following examples illustrate this invention. 

EXAMPLES 1 to 4 
A monolayer film was produced on an apparatus such as that 
5 illustrated in the Figures and described above by extruding the 
polymer through a flat cast extrusion die^ contacting the film 
in its molten state with a chill roll 700 ram in diameter and 
1300 in widths at a distance of about 15 mm from the die slot, 
quenching it by means of a water knife device of this invention 
10 located at a distance of about 20 mm from the film surface and 
of about 100 mm from the die slot and inclined with an impact 
angle, measured with respect to the chill roll radius/ of about 
40°. 

The quenched film, after the water flow breakaway, followed 
15 the chill roll till the end of the wrapping angle and then was 
dried by a doubled-sided air drier while travelling towards a 
conventional winding system. 

A sample of the thus obtained film was collected and % haze 
and gloss were measured according to the aforementioned ASTM 
20 methods. 

Polymers, operational conditions and optical properties of 
the films are shown in Tables I and II. 

EXAMPLES 5 to 8 
Four thermoformable multilayer structures 
25 A/B/C/O/C/E/F 

have been manufactured by coextrusion according to this 
invention under the conditions mentioned in Table III below. 
The outer Layer F was in contact with the water knife. 
The nature of the polymers A to F, the overall thickness and 
30 the partial thickness of the F layer were as mentioned in the 
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following. 
Ex. 5 

A = Ethylene-octene copolymer (d = about 0.915 g/cc) 
B = modified LOPE based adhesive 
5 C = Nylon 6 
D = EVOH 

E = modified PP based adhesive 
F = PP 

Overall thickness = about 180 |j; thickness of the F layer = 
10 about 36 y 
Ex. 6 

A = Ethylene-octene copolymer (d = about 0.915 g/cc) 
B = modified LDPE based adhesive 
C = Nylon 6 
15 D = modified LDPE based adhesive 
E = modified PP based adhesive 
F = PP 

Overall thickness = about 255 u; thickness of the F layer = 
about 51 |j 
20 Ex. 7 

A = Ethylene-octene copolymer (d = about 0-915 g/cc) 
B = modified LDPE based adhesive 
C = Nylon 6 

D = modified LDPE based adhesive 
25 E = modified PP based adhesive 
F = PP 

Overall thickness = about 205 p; thickness of the F layer = 
about 41 |j 
Ex. 8 

30 A = Ethylene-octene copolymer (d = about 0.915 g/cc) 
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B = modified LDPE based adhesive 
C = Nylon 6 

0 = modified LOPE based adhesive 
E = modified PR based adhesive 
5 F = PP 

Overall thickness = about 150 jj; thickness of the F Layer = 
about 29 Y 

Films 5 to 8 were thermoformed according to Example 12. 
Their optical properties before and after thermoformation are 
10 shown in Table IV. 

EXAMPLES 9 and 10 
Two multilayer structures 

A/B/C/D/C/B/E 

were manufactured by coextrusion according to this invention 
15 under the conditions mentioned in Table V below. 

The outer layer E was in contact with the water knife. 

The nature of the polymers A to E, the overall thickness and 

the partial thickness of the E layer were as mentioned in the 

following. 
20 Ex- 9 

A = lonomer (Zn salt) 

B = LDPE (d = about 0-925 g/cc) 

C = modified LDPE based adhesive 

D = EVOH 

25 E = HOPE (d = about 0.96 g/cc) 

Overall thickness = about 75 p; thickness of E layer = about 
7.5 Y 
Ex- 10 

A = LDPE (d = about 0.915 g/cc) 
30 B = EVA (18% VA) 
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C = modified LLDPE based adhesive 
D = EVOH 

E = HDPE (d = about = 0.96 g/cc) 

Overall thickness = about 150 u; thickness of E layer = about 
5 18 p 

The optical properties of the films are shown in Table V. 

EXAMPLE 11 

A multilayer structure 

A/B/C/O/C/B/E/F 

10 was manufactured by coextrusion according to this invention 
under the conditions mentioned in Table VI below. 

The outer layer F was in contact with the water knife. 
The nature of the polymers A to F, the overall thickness and 
the partial thickness of the F layer was as mentioned in the 
15 following. 

Ex. 11 
A = lonomer (Zn salt) 
B = lonomer (Na salt) 
C = modified LDPE based adhesive 
20 D = EVOH 

E = EVA (18% VA) 

F = HDPE (d = about 0-96 g/cc) 

Overall thickness = about 130 p; thickness of F layer = about 
15 p 

25 The optical properties of this film are shown in Table V. 

COMPARATIVE EXAMPLES A to D 
Four films were extruded with the same poLimers as in the 
foregoing Examples 1 to A with the only difference that a 
conventional air knife operating at room temperature was used 
50 in lieu of the water knife of this invention. 
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The remaining operational conditions were the same as in the 
foregoing Examples 1 to 4. 

The optical properties of the thus obtained films are shown 
in Tables I and II. 
5 The tests show that haze and gloss in Example 1 to 4 were 

substantially improved using the water knife of the invention 
as compared to the Examples A to D using a conventional air 
knife. 

COMPARATIVE EXAMPLES E to H 
10 Comparative films of Examples E to having exactly the 

same structure as those of Examples 5 to 8, have been prepared 
by coextrusion through a round die at a die temperature 
corresponding to that indicated in Table III followed by a 
quenching step with water at a temperature corresponding to 
15 that indicated in Table III. 

Comparative films E to H were thermoformed according to 
Example 12. Their optical properties before and after 
thermoformation are shown in Table IV. 

COMPARATIVE EXAMPLES I and J 
20 Comparative films of Examples K and J, having exactly the 

same structure as those of Examples 9 and 10, have been 
prepared as in the foregoing Examples 9 and 10 with the only 
difference that a conventional air knife operating at room 
temperature was used in lieu of the water knife of this 
25 invention. 

The remaining operational conditions were the same as in the 
foregoing Examples 9 and 10. 

The optical properties of the thus obtained films are shown 
in Table V- 

30 The tests show that haze and gloss in Example 9 and 10 were 
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substantiaLly improved using the water knife of the present 
invention as compared to the Examples K and J using a 
conventional air knife. 

COMPARATIVE EXAMPLE . I 
5 Comparative film of Example having exactly the same 

structure as those of Example 11, has been prepared as in the 
foregoing Example 11 with the only difference that a 
conventional air knife operating at room temperature was used 
in lieu of the water knife of this invention- 
10 The remaining operational conditions were the same as in the 

foregoing Example 11. 

The optical properties of the thus obtained film are shown 
in Table VI. 

The tests show that haze and gloss in Example 11 were 
15 substantially improved using the water knife of the present 

invention as compared to the Example I using a conventional air 
knife. 

EXAMPLE 12 
Thermof ormation 

20 The thermoforming step has been carried out on a Tiromat VA 

420 machine, using air plus vacuum as the forming system. The 
cavity size was 180 mm in length, 135 mm in width, and 50 mm in 
depth. The heating time was 3s, while the forming time was 4s. 
After thermoforming the haze has been measured, by ASTM 

25 D-1003 (method A), in the area in the middle of the bottom 

thermoformed webs. 

The heating temperature, as well as the haze value before 
and after thermoforming (TF) and the % improvement in haze upon 
thermoforming, are indicated for each structure in Table IV 

30 below. The values reported there are the average of the 
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readings on at Least 8 different samples. 

Table IV shows that haze values of the films 5 to 8 of this 
invention are substantially improved as compared with the 
conventional films E to H. 

5 
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15 



20 



30 



wo 95/26867 



PCT/EP9S/01121 



- 28 - 



TABLE I 











Compar. 


1 






Compar. 






Examgl 


e 11 


Example Al Example 


21 Example B 


1 Polymer 




HOPE (1) 1 


HOPE (1) 1 


PP (2) 




PP (2) 


1 Film 










1 








1 Thickness (u) 1 


200 




200 


1 


50 




50 


1 Extrusion 










1 




1 




1 Temge nature 




220-2A0 1 


220-240 1 


180-230 




180-230 


1 Die 










1 




1 




1 Temgerature 


(oOl 


245 




245 


1 


235 
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1 FeedbLock 










1 




1 




1 TeiUQerature 
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1 


230 


1 


230 1 


1 Chill roll 










1 








1 Temgerature 
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1 


8 


1 


8 1 
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1 
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17.2 


1 


17.2 


1 


44.4 


1 


44.4 1 


1 Water Knife 










1 








1 Teraoerature 




7 


1 




• 1 


7 


1 




1 Throughput I /mini 








1 








per 1 cm liquid I 








1 








knife width 


1 


0.67 


1 




1 


0.67 


1 




Haze % 


1 


33 


1 


64 


1 


2.5 


1 


3.7 1 


Gloss Unit 


1 


70 


1 




1 


124 


i 


117 1 


(1) d = about 


0.97 


, 3 


MFI 


= about 


6.8 dg/min 






(2) d = about 


0.90 g/cm , 


MFI 


= about 


33 


dg/min 
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TABLE II 









Compar. 








Compar. 


1 ExamcLe 31 ExatnoLe CI Examgle 


41 Example 0 


Polymer J. 


PP (3) 


1 


PP (3) 


1 


LDPE (4)1 


LDPE (4) 


Film 1 
















Thickness J. 


200 


L 


200 


1 


200 


1 


200 


Extrusion 1 
















Temeerature (°C)J. 
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180-230 1 


180-230 1 


180-230 


Die 1 
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1 
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Feedblock 1 
















Temgerature (°C)J. 


230 


1 


230 


1 
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1 
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Chill roll 1 
















Temgerature (°C)J. 


8 


1 


8 


1 


6.5 


1 


6.5 


Chill roLl 1 
















SQeed (m/min) J, 


15.7 


1 


15.7 


1 


17.2 


1 


17.2 


Water Knife 1 
















Temgerature (*»C)J. 


7 


1 




1 


6.5 


1 




Throughput I /mini 
















per 1 cm liquid 1 
















knife width J. 


0.67 


1 




1 


0.67 


1 




Haze % 1 


9 


1 


21 


1 


4.5 


1 


6.5 


Gloss Unit 1 


97 


1 


90 


1 


99 


1 


96 
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33 


dg/min 






(4) d = about 0.92 g/cm^. 
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2 


dg/min 
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.l2§!DEig«51_ExamBle_6|_ExamBLe_71_Ex 
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C)| 


250 


1 


235 


1 


250 


1 


250 


1 Chill roll 
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TF 
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TABLE V 
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220 
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1 
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1 


10 
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U 


1 


22 


Gloss Unit 


1 


110 


1 


109 


1 


92 


1 
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TABLE VI 
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CLAIMS 

1. A process for the production of a flat mono- or multi-Layer 
thermoplastic film for packaging^ comprising extruding a 
mono- or multi-layer flat thermoplastic film (2) and 

5 cooling a surface (4) of said film in its molten state by 

contact with a chill roll (6)^ characterized in that the 
surface (3) of said molten film (2) opposite to said chill 
roll (6) is concurrently quenched by means of a Liquid 
knife device (10) capable of spouting a continuous and 
10 substantially uniform liquid knife (20)^ at a predetermined 

speed and temperature, on said surface (3) opposite the 
chill roll (6) so that a continuous liquid layer is formed 
over substantially the entire width of said surface. 

2. A process according to claim 1, characterized in that the 
15 said Liquid is water. 

3. A process according to claim 1 or 2, characterized in that 
said film (2) has a thickness of at least about 50 microns. 

4. A process according to any of claims from 1 to 3, 
characterized in that said film (2) comprises a film 

20 forming polymer selected from the group comprising PP, 

HDPE, LOPE, propylene copolymers and ethylene/alpha-olef in 
copolymers. 

5. A process according to any of claims from 1 to 4, 
characterized in that the temperature of said chill roll 

25 (6) is of from about 0° to about 400C. 

6. A process according to claim 5, characterized in that the 
temperature of the chill roll (6) is of from about 4° to 
about 15°C. 

7. A process according to claim 6, characterized in that the 
30 temperature of the chill roll (6) is of from about 6° to 
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about 10°C. 

8. A process according to any of claims from 1 to 7, 
characterized in that the temperature of the continuous and 
substantially uniform liquid knife (20) is of from about 3° 

5 to about 30OC. 

9. A process according to claim 8, characterized in that the 
temperature of the liquid knife (20) is of from about 4® to 
about 1 SOC- 
IO. A process according to claim 9, characterized in that the 

10 temperature of the liquid knife (20) is of from about 5® to 

about 10°C. 

11. A process according to any of claims from 1 to 10, 

characterized in that the chill roll (6) is driven at a 
speed of from about 10 m/min to about 300 m/min. 
15 12- A process according to any of claims from 1 to 11, 

characterized in that the flow rate of the liquid knife 
(20) is of from about 0.2 to about 1.2 m/sec. 

13- A process according to claim 12, characterized in that the 
flow rate of the liquid knife (20) is of from about 0.3 to 

20 about 1 m/sec. 

14- A process according to claim 12, characterized in that the 
flow rate of the liquid knife (20) is of from about 0.4 to 
about 0.6 m/sec- 

15. A process according to any of claims from 1 to 14, 

25 characterized in that the liquid knife throughput is of 

from about 0.2 to about 1.5 l/min per cm of liquid knife 
width. 

16. A process according to claim 15, characterized in that the 
liquid knife throughput is of from about 0.3 to about 1.3 

30 l/min per cm of liquid knife width. 
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17. A process according to claim 15, characterized in that the 
Liquid knife throughput is of from about O.A to about 1 
l/min per cm of liquid knife width. 

18. A process according to any of claims from 1 to 17, 

5 characterized in that the incidence angle of said liquid 

knife device (20) with respect to said film (2) is of from 
about 20° to about 80<>. 

19. A process according to any of claims from 1 to 18, 
characterized in that the distance from the lips of the die 

10 (1) to the place where the uniform and continuous layer of 

cooling Liquid first contacts the film (2) is lower than 
about 14 cm. 

20. A flat mono- or multi-layer thermoplastic film for 
packaging whenever obtained by the process of any of claims 

15 1 to 19- 

21. An apparatus for the production of a flat mono- or 
multi-layer thermoplastic film (2) for packaging, 
comprising a flat extrusion die (1) and a chill roll (6) 
provided with an internal cooling system, characterized in 

20 that a liquid knife device (10) is associated with said 

chill roll (6) for spouting a continuous and substantially 
uniform liquid knife (20) at a predetermined speed and 
temperature, said liquid knife device (10) being provided 
with a slot (19) which has an adjustable outflow cross 

25 section (21) and is fed with a liquid at a predetermined 

temperature and flow rate. 
22- An apparatus according to claim 21, characterized in that 
said slot (19) is connected through feeding holes (22) to 
an evening chamber (23), in turn connected through 

30 distribution holes (24) to equalization chambers (25) fed 
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with a liquid by a pump (27). 

23. An apparatus according to claim 22, characterized in that 
said slot (19) is comprised between two plates (32) fixed 
at predetermined distance by means of interposed "C" 

5 sealing gasket (33), rubber blocks (35) and stud bolts (34) 

for adjusting a frontal outflow cross-section (21) by 
changing the thickness of said gasket (33) and the size of 
said blocks (35), 

24. An apparatus according to claim 21, characterized in that 
10 said liquid knife device (10) is operatively connected to 

ajustment means (36; 45; 53) for adjusting incidence angle, 
distance and heigth of said liquid knife (20) with respect 
to said f i Im (2) . 

25. An apparatus according to claim 24, characterized in that 
15 said incidence angle ajustment means (36) comprise two side 

hollow journals (37) integral with said body (18), which 
are rotatably mounted in sleeves (38) provided with a slit 
(39) whose lips (40) are clamped by means of a bolt and 
nuts (41, 42). 

20 26. An apparatus according to claims 24 and 25, characterized 
in that said distance ajustment means (45) comprise sliders 
(46) each fastened to a sleeve (38), said sliders (46) 
being driven to slide towards and away from said film (2) 
by means of threaded rods (47) rotatably mounted in rests 

25 (48, 49) and respective worm screws and helical gears 

connected to a hand wheel (52). 
27. An apparatus according to any of claims from 24 to 26, 
characterized in that said height ajustment means (53) 
comprises lateral jaws (54) to which said rests (48, 49) 

30 are fastened, said jaws (54) being rotatably mounted in 
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journals coaxial with a shaft (10) of said chill roll 6 and 
being operatively connected to a gearmotor (56) by means of 
a belt transmission (55). 

28. A multilayer thermoformable film having an overall 

5 thickness of at least about 50 |j made of, or comprising an 

outer layer thicker than about 15 p of highly crystalline 
material, characterized in that the haze value measured 
according to ASTM D-1003 (Method A) in the middle of the 
Lower web of a thermoformed cavity 180 mm in lenght, 135 mm 
10 in width, and 50 mm in depth is Lower than about 20% 

compared to the haze of the film before thermof orming. 

29. A multilayer thermoformable film having an overall 
thickness of at Least about 50 p made of, or comprising an 
outer Layer thicker than about 15 p of highly crystalline 

15 material, characterized in that the haze value measured 

according to ASTM D-1003 (Method A) in the middle of the 
lower web of a thermoformed cavity 180 mm in Lenght, 135 mm 
in width, and 50 mm in depth is lower than about 30% 
compared to the haze value measured in the same 

20 thermoformed cavity when the the same film is made by 

cbextrusion through a round die followed by quenching with 
water. 

30. A multilayer thermoformable film according to claim 28 or 
29, characterized in that it has an overall thickness of at 

25 Least about 100 p. 

31. A multilayer thermoformable film according to claim 28 or 
29, characterized in that it has an overall thickness of at 
least about 150 p. 

32- A multilayer thermoformable film according to any one of 
30 claims from 28 to 31, characterized in that the thickness 
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of the outer layer made of highly crystalline material is 
of at least about 20 p. 

33. A multilayer thermof ormable film according to any one of 
claims from 28 to 31, characterized in that the thickness 

5 of the outer layer made of highly crystalline material is 

of at least about 25 y 

34. A multilayer thermoformable film according to any one of 
claims from 28 to 33, characterized in that a highly 
crystalline material is present in the second outer layer 

10 as well. 

35. A multilayer thermoformable film according to any one of 
claims from 28 to 34, characterized in that a highly 
crystalline material is present in one inner layer as well- 

36- A multilayer thermoformable film according to any one of 
15 claims from 28 to 34, characterized in that a highly 

crystalline material is present in more than one inner 
layer as well- 

37. A multilayer thermoformable film according to any one of 
claims from 28 to 36, characterized in that the highly 
20 crystalline material is selected from the group comprising 

PP, HDPE, LDPE, propylene copolymers and ethylene/a Ipha- 
olefin copolymers. 
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